The underlying M-type spectrum was removed to get the intrinsic emission profile, and the resulting profiles were deconvoluted into several Gaussian components. Also, the radial velocities for all the lines that appeared in these spectra of CH Cygni were measured. The resultant lines were compared with each other and with those obtained in 2004; the findings are explained in terms of an accretion disk and jets.
I. INTRODUCTION
Before 1963, CH Cygni was classified as an M7 IIItype (Yamashita, 1967) . And, the first eruption of CH Cygni was observed in 1963 (Faraggiana and Hack, 1969) . At that time, the spectra of CH Cygni showed the blue continuum and emission lines of H I, He I and [Fe II] overlain on the M III-type spectrum. In 1963 -2000, a symbiotic variable star CH Cygni had several outburst phases (Yamashita and Maehara, 1979; Mikolajewski et al., 1990; Eyres et al., 2002; . In the eruption and quiescence phases, CH Cygni was observed on X-ray, UV, visible, IR and radio wavelengths (Yoo, 2006, Paper I, references in there) . While the broadest emission component of H I lines was caused by bipolar radio jets (Paper I), Contini et al. (2008) proposed the broadest emission component of H I lines was formed from downstream of a fast reverse shock.
Two models of CH Cygni have been proposed; one is the binary system with the orbital period of 5750-day which consists of an M III and a white dwarf (Yamashita and Maehara, 1979) , and the other is the triple system with orbital periods of 756-day and 5300-day which consists of an M III, a white dwarf and an unseen object (Hinkle et al., 1993) .
In 2004 In Paper I and Paper II (Yoo, 2007) , detailed information on the profiles and radial velocities for the lines of CH Cygni observed in April 2004 and October 2004 were presented, respectively. In this Paper, the variations in the spectral lines of the high-resolution spectra secured in October 2005 and June 2006 using the spectrograph of the Bohyunsan Optical Astronomy Observatory (BOAO) are reported. In the second section, the observations and data reduction procedures are described. In the third section, the behaviors of the spectral lines observed in the present epochs are detailed in comparison with the behaviors of those obtained in 2004. Subtraction of the spectrum of the underlying M-type giant is provided in the fourth section. Gaussian deconvolutions for Hα, [O III] , [Ne III] , [N II] , and [S II] and the radial velocity measurements are furnished in the fifth and sixth sections, respectively. In the last section, the line features are discussed in detail and a conclusion is arrived at.
II. OBSERVATIONS AND DATA REDUC-TIONS
Observations were carried out on October 13, 2005, and June 4, 2006, with a high resolution Echelle spectrograph, BOES (BOAO Echelle Spectrograph), mounted on an 1.8 m reflector at the BOAO. A 2048 × 4096 pixel CCD camera, with a size of 15 × 15 µm per pixel, was used. The spectral ranges used were from 3800 -7000Å. A cross disperser divides the spec- Phases are cited from the ephemeris of Hinkle et al.(1993) . tra into all 28 dispersion orders. An observation journal is outlined in Table 1 . The nominal spectral resolving powers, λ/∆λ, were 45000 for the 200 µm fiber and 30000 for the 300 µm fiber. The output dispersions covered a range from 1.56 -2.14Å mm −1 , relied on the wavelength. Data were reduced with the NOAO IRAF package involving bias, flat-field and spectra extraction processes. Both the pixel positions and the wavelengths were related to their 6th-order polynomials. 
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III. SPECTRAL VARIATIONS
The lower portion of each panel in Figs. 1 -5 is explained in this section. It is noticed here that all the spectra represented in Figs. 1 -5 were made use of in the normalized intensity scale. The units of the abscissa in Figs. 1 -5 are wavelengths, all values being corrected to the sun.
In the present epochs, the Hα line was changed from a very weak single-peaked emission profile (in October In early 2004, Hα and Hβ had double-peaked profiles, and in late 2004, they were altered into singlepeaked profiles. On the contrary hand, in the 1977 outburst phase, they always showed double-peaked emission profiles, and around the end of the outburst phase, the blueward emission component became weak, with the absorption component around its line center becoming gradually weakened and finally disappearing (Yamashita and Maehara, 1979; Hack et al., 1986; Hack et al., 1988 (Hack et al., 1988) .
After subtracting the spectrum of the M-type giant, which is described in the next section, [N II] 6445Å 
V. GAUSSIAN FITTING
In section 3, the spectral line variations of CH Cygni were described in detail. All the emission lines involving blue continua in these epochs were stronger than those in 2004.
Because all the emission lines observed during these observation epochs had complicated profiles with several sub-peaks, each component of an emission line, when decomposed, might be arisen from a cloudlet in a gas cloud. The cloudlet might be expanding into the circumference space around the system with its radial velocity. Therefore, in this study, for the sake of simplicity, a likelihood model is assumed as a Gaussian function, and then the Gaussian deconvolution is carried out.
The emission lines are believed to be optically thin. Hence, if the velocity distribution of gas in the cloudlet is assumed as a Gaussian function, flux density emitted from the i-th cloudlet is represented by
where
, λ 0 is the wavelength at the center of the function, n e an electron density, n an ion density, α an recombination coefficient, h the Planck constant, ν a frequency of the line, V i a fractional part i of the emitting volume, and σ a standard deviation, and v ri the radial velocity of the cloudlet i.
If there are n cloudlets in the cloud, total flux density is given by
Here the sum of i is the summation of n cloudlets. It is uncertain that all the emission lines could be decomposed by Gaussian components. For example, the broad emission component of the [O III] nebular line might correspond with a rectangular line profile that the expanding shell structure produces. Therefore, it is believed that each of Gaussian components might be formed from either the expanding gas shell or a fine structure of the cloudlet. And, the doublepeaked profiles might be originated from the edge-on accretion disk (Robinson et al. 1994) . The Hα and Hβ lines observed during these observation epochs had such profiles. They showed also complicated profiles with several sub-peaks, which might be originated from either a portion of the accretion disk or independently moving-out matter from the hot star.
Therefore, to investigate how these emission lines were formed, the observed emission lines were deconvoluted with several Gaussian functions. The Gaussian function is adopted from the equation of Ikeda and Tamura (2004) The parameters of the Gaussian function are listed in Table 2 . In Table 2 , λ 0 is the wavelength at the center of the deconvoluted Gaussian function; I is the The resultant synthetic line profile is well consistent with the simplified likelihood model of the Gaussian functions. It is a reason why the observed line profile, the most fiducial line profile, must be based on even in a comparison with any of many theoretical models. However, the broad emission wings of the observed Hα line might be the sum of several of such a rectangle profile. It means that the accretion disk might consist of several ring structures.
The 
VI. RADIAL VELOCITIES
After the subtraction of the M-type spectrum, the line center could not be exactly decided even for the line peak of the strongest emission component. The radial velocities were measured around the center of the line peak at about 50 % -90 % of line intensities. Hence, there were small differences in the radial velocities between the observed lines and the Gaussian emission components for the referred lines, which range from 1 -3 km s −1 . Discrepancies in the widths of the small sharp humps in both observed and resulting line profiles might be more than about 0.07Å. Tables 3, 4 and 5 present the radial velocities measured for emission lines, forbidden lines, and absorption components, respectively. All the velocities are corrected to the Sun. When several lines were measured, the probable errors are quoted. (Hack et al., 1988) .
In general, in October 2005 and June 2006, the shapes of the lines in the resultant Hα were widely different.
As shown in Fig. 10 , from April 2004 to October 2004, the peak intensity, I, of the strongest emission components, Em, of the resulting Hα increased, whereas from October 2004 to October 2005, the I of Em of the resulting Hα decreased, and after those two epochs, the I of Em of the resulting Hα increased.
As shown in Fig. 11 During the past eruption phases, the blue continuum was believed to be produced due to the accretion disk (Yoo and Yamashita, 1984) . However, Contini et al. (2008) suggested the UV lines were formed in expanding shocked nebulae.
According to Shakura and Sunyaev (1973) , the coefficient of kinematic viscosity ν is represented as αC s H. Here, α is a viscosity parameter, C s the sound velocity, and H a scale height of the disk in the z-direction. And, a viscous time scale is 8 km, which is within the Lagrangian point. Here, the inclination of the accretion disk, i, is adopted by 80 o (Robinson et al. 1994; Skopal 1995) . From the radial velocities of E1 and Em of the Hα, assume that an orbital velocity of an inner region of the accretion disk was about 25 All data are adopted from Figs 8 and 10 of Yoo (2007),
and Tables 1, 2 and 3 of Yoo (2007) .
− means out of range of the spectrum in April, 2004.
km s −1 . From this, its inner radius could be estimated as 10 % -20 % of its outer radius.
The resulting Ca II H and K lines in October, of both years 2004 and 2005, showed the P Cygni profiles, whereas that in June 2006 did not present the characteristic profile. The emission components of the resultant Ca II H and K lines were observed when Hα had a single-peaked profile. Hence, the emission components of the resultant Ca II lines might have originated in the low density region around the out-flowing radio jets.
The radial velocity of the [O I] 6300Å was used to arrive at the systemic velocity (Wallerstein, 1983 Using Tables 2 and 6 in this study, In Table 6, more than three emission components. This implies that the [S II] clouds originated in the circumference material at the outskirts of an ellipsoidal envelope that was formed as a result of the out-flowing radio jets.
The emission components of the resulting Na I D lines became enhanced from 2004 to the present epochs. Their radial velocities were in agreement with those of Hα. Hence, Na I D and Ca II H and K emission components might be also formed because of the out-flowing radio jets. The absorption components of Na I D, whose radial velocities were about -77 km sec −1 , might have their origin in the M-type star.
It is well known that a leading cause for the formation of Na I D lines is spin-orbital interactions of the electrons of Na I in 1.84 × 10 5 G of the strong magnetic field around the hot star of CH Cygni. Assuming the surface magnetic field of a hot star was about 10 7 G, and the hot star had a dipole magnetic field, the magnetic field falls off as B ∼ B * ( R * r ) 3 , where R * , the radius of the hot star, is the 0.01R , and B * its surface magnetic field. Hence, the region forming the Na I D lines is placed approximately at 2.64 × 10 4 km, which is unexpectedly close to the hot star. Assuming this distance to be an Alfven radius and the spherical symmetric radial inflow of matter toward the hot star, the accretion rate needed forming the Na I D lines could be adopted as approximately 10 −6 M / year, which are larger by about 10 times than the estimated accretion rate of the upper limit.
A brief scenario in this study is as follows. According to the AAVSO, CH Cygni was fainter on 
